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BACKGROUND OF THE INVENTION 

A. Field of the Invention 

This invention relates to communication systems and 
apparatus, specifically, mobile radio telephones. More 
particularly, the invention relates to methods and apparatus 15 
for increasing the communication range of small, portable 
radio telephones. 

B. Description of Background Art 

Radio telephones permitting two-way voice communica- 2Q 
tions are being used in increasing numbers in automobiles. 
The use of such mobile radio telephones, or "car phones 5 ', 
has accelerated with the installation of cellular communica- 
tion networks in metropolitan areas. Cellular networks con- 
sist of a plurality of interconnected fixed transceivers. When 25 
an automobile equipped with a "cellular" radio telephone 
moves away from a fixed transceiver of the cellular network, 
the power level of the signals received by both the fixed 
transceiver and the mobile transceiver drops. When the 
power level of the signal received by a fixed transceiver site 3Q 
in the cellular network falls below a threshold value required 
for reliable communication, automatic switching circuitry in 
the network transfers or "hands off" communication 
between the mobile radio telephone and that fixed site to 
another cellular site closer to the automobile. 35 

Each transceiver site of a cellular network employs a 
relatively low power transmitter. However, the practical 
two-way communication range of each fixed cellular trans- 
ceiver site overlaps with the ranges of adjacent fixed trans- 
ceivers. Thus, a plurality of fixed cellular sites with over- 40 
lapping transmission ranges is capable of covering a wide 
geographic area, providing effective communication with 
mobile transceivers moving through the area. 

In a cellular network, a relatively large number of mobile 
radio telephones may carry on separate two-way 45 
conversations, each on a different radio frequency carrier 
channel. However, to minimize the possibility that a signal 
transmitted on one channel might spill over into adjacent 
channels and thereby interfere with communications in 
adjacent channels, the transmitter power of mobile radio 50 
telephones is usually limited to a value of about 3 watts. 

Radio telephones commonly installed in motor vehicles 
include a transceiver and antenna, and a separate handset 
similar in appearance to a conventional telephone handset. 
The handset typically includes a microphone, speaker, 55 

numeric key pad and display. Most transceivers capable of 

transmitting 3-watt signals tend to be heavier and bulkier 
than the handset. Thus, maximum power transceivers are 
oftentimes fixed underneath a car seat or installed in the 
trunk of an automobile, and connected by a coaxial RF 60 
power cable to an antenna mounted externally on the auto- 
mobile. For such transceivers, the handset is also connected 
to the transceiver by a multi-conductor cable, allowing the 
handset to be located within easy reach of the driver. 
Usually, both ends of the cable used to interconnect the 65 
handset to the transceiver are provided with multiple pin 
plugs to facilitate installation of the radio telephone, and to 
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permit the handset to be unplugged and stowed out of sight 
when the vehicle is unoccupied. 

The microphone and speaker contained in the handset of 
a radio telephone perform the same functions as the corre- 
sponding elements of a conventional telephone handset. 
Thus, the microphone converts sound signals such as speech 
into electrical signals, which are then coupled to the trans- 
ceiver and used to modulate a radio frequency carrier signal 
conveyed to the antenna. Also, modulated radio frequency 
signals received by the antenna are demodulated within the 
transceiver, and conveyed to the handset speaker where they 
are converted into intelligible sounds. 

The keypad in the handset is used to dial out numbers, to 
answer calls, turn system power on and off, and to select 
operating modes of the system. Numbers dialed and function 
modes are displayed on the handset display unit. 

In addition to the radio telephones described above, which 
arc intended for relatively permanent or long-term installa- 
tion in a vehicle, another type of radio telephone referred to 
as a transportable radio telephone or cellular phone exists. 
Transportable radio telephones contain internal batteries 
which permit the units to be removed from a vehicle and 
operated away from the vehicle. Typically, the RF power 
output of transportable radio telephones lies in the range of 
about 1.2 watts to 3 watts. The batteries required to operate 
transportable radio telephones at the aforementioned power 
levels make the units relatively bulky and heavy. 

A third class of radio telephones, called hand-held cellular 
phones, exists. Hand-held cellular telephones are much more 
compact and lighter in weight than transportable cellular 
telephones, making the hand-held units easier to carry and 
use. However, the small size of hand-held units restricts their 
RF power output, usually to a level of approximately 0.6 
watts. Therefore, the range of a hand-held radio telephones 
is substantially less than that of vehicle-mounted or trans- 
portable radio telephones, which operate at the maximum 
allowed RF power level of 3 watts. 

Besides having a limited range, hand-held radio tele- 
phones are usually costly to manufacture, owing to the 
higher degree of micro -miniaturization required in their 
construction, as compared to larger vehicle-mounted or 
transportable radio telephones. 

In view of the weight and size disadvantages of trans- 
portable radio telephones, and the power output limitations 
and high cost of hand-held radio telephones, the present 
invention was conceived of. 

OBJECTS OF THE INVENTION 

An object of the present invention is to provide an 
accessory for mobile radio telephones of the type having a 
vehicle-mounted transceiver, the accessory allowing use of 
a portable auxiliary handset remote from the vehicle to 
interface with and utilize the transmission and reception 
functions of the vehicle-mounted transceiver. 

Another object of the invention is to provide an accessory 
for mobile radio telephones that allows operation of a 
vehicle-mounted transceiver from a remote auxiliary hand- 
set. 

Another object of the invention is to provide an accessory 
apparatus for mobile radio telephones that can be removably 
installed between the original handset and vehicle-mounted 
transceiver of the radio telephone, and provide operable 
interfacing between the transceiver and a remote auxiliary 
handset. 

Another object of the invention is to provide an accessory 
apparatus for mobile radio telephones that interfaces 
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between the handset and vehicle-mounted transceiver of the apparatus, thereby configuring the latter apparatus into the 

radio telephone, and allows remote emulation of the func- desired dial-out or on-hook status. With the vehicle trans- 

tions of the original handset. ceiver configured into a selected operational mode by com- 

Another object of the invention is to provide an accessory mands from the portable handset; voice, modem or telefax 

apparatus for mobile radio telephones that provides a cord- 5 signals coupled into the portable handset are transmitted at 

less communication link between a remote auxiliary handset low power over the link frequency channel to the resident 

device and an interface device connected to a vehicle- transceiver, routed through the interface module to the 

mounted radio telephone. mobile transceiver, and retransmitted at higher power on the 

Another object of the invention is to provide a cordless cellular frequency by the mobile transceiver. Conversely, 
communication range extension apparatus that permits a 10 signals received by the cellular transceiver are routed 
small, low-power hand-held transceiver accessory to com- through the interface module to the resident link transceiver, 
municate with and command the transmission, reception and anc * re-transmitted or "down-linked" to the portable handset 
control functions of a higher power, vehicle-mounted radio transceiver. Thus, the accessory apparatus according to the 
telephone, thereby permitting the hand-held transceiver present invention allows a small, light weight, low power, 
accessory to utilize the full transmission range of the higher 15 coro ^ ess hand-held handset and integral transceiver to corn- 
power, vehicle-mounted transceiver. municate with a cellular radio telephone network, with the 

Various other objects and advantages of the present Ml P ow ^ and range capabilities of a vehicle-mounted, high 

invention, and its most novel features, will become apparent P owe r radio telephone. 

r P e"d d i^ aCCMWing » BRIEF DESCRIPTION OF THE DRAWINGS 

It is to be understood that although the invention disclosed FIG. 1 is a partly pictorial block diagram of a prior art 
herein is fully capable of achieving the objects and provid- mobile radio telephone installed in a motor vehicle, 
ing the advantages described, the characteristics of the FIG. 2 is a partly pictorial block diagram of a mobile radio 
invention described herein are merely illustrative of the 25 telephone installed in a motor vehicle, showing an adapter 
preferred embodiment. Accordingly, I do not intend that the unit comprising the first of two major components of cord- 
scope of my exclusive rights and privileges in the invention less range extension apparatus according to the present 
be limited to details of the embodiments described. I do invention operably interconnected to the mobile radio 
mtend that equivalents, adaptations and modifications of the telephone, and showing a portable cordless handset unit 
invention reasonably inferable from the description con- 3Q comprising the second major component of the apparatus. 

tained herein be included within the scope of the invention vir a « * ™™ ui 1 a- en. j . 

j « ^ *u jji- rlO. 3 is a more detailed block diagram of the adapter umt 

as defined by the appended claims. of pj G 2 

SUMMARY OF THE INVENTION FIGS. 4A-4B are partly schematic block diagrams of an 

Briefly stated, the present invention comprehends an 35 ^ f te * Ce ™ ntml m0(Mt uprising part of the adapter unit 

accessory apparatus for use with mobile radio telephones 0 * 

that extends the operable range of a vehicle-mounted radio FIG * 5 is a P* 3 ^ schematic block diagram of a resident 

telephone, allowing the latter to be operated from some transceiver module comprising another part of the 

distance away from the vehicle. adapter unit of FIG. 3. 

The accessory apparatus according to the present inven- 40 ^IG. 6 is an upper plan view of the handset comprising 

tion includes an adapter unit that is adapted to be connected P^* °f me apparatus of FIG. 2 enlarged to approximately full 

between the existing handset and cellular frequency-band s ^ zt - 

transceiver of the vehicle-mounted radio telephone. The FIG. 7 is a block diagram of the portable handset unit of 

adapter unit includes a first, "resident" or base, low power FIG. 6. 

radio transceiver operating on a "link" radio-frequency 45 FIG. 8 is a partly schematic block diagram of a control 

transmitted signal having a frequency different than those of module comprising part of the handset unit of FIG. 7. 

the cellular frequency-band, and control logic contained in vir q u ui 1 j- r ^ 

an interface module A second, portable low power, hand- mn S ,1 P ^ ^ ^f^ 0 ^^^ 

held cordless remote radio transceiver and integral handset module comprising another part of the handset unit of HG. 

operating on the link frequency comprises the second major 50 CTr , 1A . 

component of the accessory apparatus according to the ^IG. 10 is a flow chart showmg the sequence of functions 

present invention performed in initiating operation of a conventional prior art 

The cordless handset according to the present invention Mg tcleph ° ne (CMT) ° f the ^ e shown ™ ma 

has an integral link transceiver which generates DTMF * _ _ . 

(Dual-Tone, Multi-Frequency) command signals in response 55 , 11 1S a flow chart showm S a sequence of operations 

to actuation of selected buttons on a keypad integral with the P erfor *ned in making a call from a conventional CMT 

handset. DTMF command signals thus generated modulate FIG * 12 is a flow chart showing the sequence of functions 

an RF up-link carrier signal transmitted by the hand-held performed in receiving a telephone call by a CMT. 

transceiver. The modulated up-link carrier signal is received FIG. 13 is a flow chart showing how a call may be 

by the resident or base link transceiver installed within a 60 Vitiated from a remote cordless handset of the apparatus of 

vehicle, which demodulates the signal and couples the the present invention shown in FIG. 2. 

DTMF command-signals to an interface module connected FIG. 14 is a timing diagram showing the relative time 

between the link transceiver, and the existing vehicle trans- relationship of key events occurring during the initiation of 

ceiver and handset. calls from the cordless handset of FIG. 2. 

The interface module contains microprocessor controlled 65 FIG. 15 is a flow chart showing how a call received by a 

circuitry which converts the received DTMF signals to the CMT is relayed to a remote cordless handset of the apparatus 

proper digital format required by the vehicle radio telephone shown in FIG. 2. 
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FIG. 16 is a timing diagram showing the relative time number. Usually, the keypad is of the type that generates 

relationship of key events occurring during reception of calls DTMF (Dual-Tone , Multi-Frequency) signals, often referred 

by the remote cordless handset from a CMT. to by the trade name "TOUCH-TONES." Typically, handset 

FIG. 17 is a partly schematic view of a typical Cellular 12 also contains a display unit for displaying telephone 

Mobile Telephone (CMT) apparatus, of the type shown in 5 numbers that have been dialed, and various other status data. 

pjQ \ Also, the handset may contain other switches and/or controls 

FIG.'l8 is anupperperspective view of the cordless range that may be used to re-dial apreviously -dialed [number mute 

extension apparatus of the present invention, showing the ™» tansrrmsion, etc. Mobile radio telephony 

apparatus interconnected wuh a CMT. ™^ operate m the fi^en^w of to 889.980 

Z . .1 . „ . ,10 MHZ, at a maximum transmitted power ol about 3 watts. 

FIG. 19 is a diagrammatic pictorial view of a prior art ^, T ^ ^ . . _ . . i A 

cellular phone, showing the phone in communication with a J IG : 2 15 a block diagram of a cordless range 

„ , r . . ^ extension apparatus 20 according to the present invention, 

cellular transceiver site. i_ • *t_ L1 ... • 1 

M . , . . t „ _ showmg the apparatus operably mterconnected to a vehicle- 

HG. 20 is a partly pictorial block diagram of a modifi- mobile ^ ^ ^ lft of me shown fa 

cation of a cordless range extension apparatus according to J5 j 

the present invention, in which the apparatus is operably ' ' . . ^„ 

interconnected with a hand-held cellular phone, rather than As shown ru FIG. 2, the range extension apparatus 20 

a mobile radio telephone as illustrated in FIG. 1. according to the present mvention includes an interface 

njn _ . , . , . . module 21 connected to a resident low-power link radio 

HG.21isapartly^agrammaucv^ transceiver 22. Preferably, interface module 21 and trans- 

of the apparatus of FIG. 20, in which only the transceiver 20 ^ 22 m coni;dned \ n a single modular package 23? 

module of a cellular phone is utilized. wUch ^ be referred to ^ ^ adapter ^ Re&ident ^ 

FIG. 22 is a partly diagrammatic view of another variation power transceiver 22 operates at a frequency different from 

of the apparatus of FIG. 20, which utilizes a base cellular mose of the ctfhdar band utilized by mobile or main radio 

phone transceiver module located in a briefcase. telephone transceiver 13. A suitable operating frequency for 

FIG. 23 is a diagrammatic pictorial view of a prior art 25 res ident low power transceiver 22 is 49 MHZ or 902 to 928 

portable computer utilizing a PCMCIAmodem and cellular MHZ, although other frequency bands could of course be 

transceiver board module to communicate with a cellular used. 

phone network. Low-power, resident link transceiver 22 is connected to 

FIG. 24 is a diagrammatic pictorial view of another an auxiliary antenna 24 by a coaxial RF power cable 25. 

modification of a cordless range extension apparatus accord- 30 cord i ess range extension apparatus 20 according to 

ing to the present invention, in which a portable handset and me present invention includes a portable cordless handset/ 

low-power link transceiver according to the present inven- Hnk transceiver 26 that is small enough to be conveniently 

tion are operably interconnected to a cellular phone network held m a sin ^ nand? ^ carr i ed f n one * s pocket. Handset 

through a PCMCIAmodem and cellular transceiver module. 2 6 includes an antenna 27, a keypad 28, and preferably, a 

FIG. 25 is a diagrammatic view of a prior art pen-based display 29. Portable link transceiver 26 and resident link 

system including a data entry module and a transceiver transceiver operate at the same frequency, 

module. pea ^. transmitted power of portable link transceiver 

FIG. 26 is a diagrammatic pictorial view of another 26 is preferably no more than about 0.13 milliwatts, thus 

modification of a cordless range extension apparatus accord- 4Q allowing the transceiver and its power supply batteries to be 

ing to the present invention, in which a portable handset and quite small and light weight. Although the resident link 

low-power link transceiver according to the present inven- transmitter 22 need not be as small and low powered as the 

tion are operably interconnected to the cellular transceiver portable link transmitter to achieve the advantages of the 

module of a pen-based data entry system module. present invention, I have found that a desirable transmitter 

DETAILED DESCRIPTION OF THE « ^ f ° r ICsidect traDSmitter 22 * ^ °' 13 

INVENTION milliwatts. 

Interface module 21 of adapter unit 23 contains micro- 
Referring now to FIGS. 2 through 10, a novel cordless processor controlled circuitry which allows operation of 
range extension apparatus for radio telephones according to mobile radio telephone 10 by a remotely located portable 
the present invention is shown. FIG. 1 illustrates a typical 50 link transceiver 26 having no wire connections to the mobile 
prior art mobile radio telephone installation, of the type radio telephone. Desirably, interface unit 21 has a jack 30 
which the present invention is intended to be used with, to adapted to receive the multi-connector plug 31 on the 
enhance the performance of the existing radio telephone. transceiver end of cable 14 of radio telephone 10. Also, 
Referring now to FIG. 1, a typical prior art mobile radio interface unit 21 preferably has a plug 32 adapted to be 
telephone 10 is shown installed in a vehicle U. As shown in 55 inserted into jack 33 of mobile radio telephone transceiver 
FIG. 1, the typical mobile radio telephone includes a handset 13. 

12 connected to a transceiver 13 by a cable 14, and an An important function of interface module 21 is to 

external antenna 15 connected to the transceiver by a coaxial emulate the protocol of signals emanating from the mobile 

radio frequency (RF) power cable 16. Cable 14 is usually a radio telephone handset 12. DTMF control signals transmit- 

multi-connector cable terrninated at both ends by plugs eo ted from portable handset/link transceiver 26 are converted 

adapted to be received by jacks on handset 12 and trans- by interface unit 21 to digital signals of the proper format to 

ceiver 13, respectively. This arrangement facilitates instal- control the transmitter portion of mobile transceiver 13. 

lation of transceiver 13, which is usually heavier and bulkier Thus, interface unit 21 allows control signals entered via the 

than handset 12, underneath a car seat or in the trunk of the key pad of portable handset/link transceiver 26 to place 

car, as shown in FIG. 1. 65 mobile radio telephone 10 in a selected operating mode. 

Handset 12 includes the customary telephone microphone Also, interface module 21 allows telephone numbers entered 

and speaker, and a keypad for dialing a selected telephone via the keypad of portable handset/link transceiver 26, as 



5,930,729 

7 8 

well as voice or digital information, to be transmitted by the input port of an RF power amplifier 47. A potentiometer 48 

mobile transceiver 13. Interface module 21 also routes connected to power amplifier 47 is used to adjust the output 

signals received by mobile transceiver 13 to the transmitter power level on output port 49 of the power amplifier, 

section of resident link transceiver 22, which in turn trans- As shown in FIG. 5, transceiver 22 also includes a 

mits those signals to portable handset/link transceiver 26. A 5 receiver 35. Receiver 35 is of the superheterodyne type, 

more detailed description of the aforementioned functions, having a modulated RF signal input port 50, a beat or 

and other operational modes of the apparatus 20 may be best heterodyne frequency signal input port 51, and a demodu- 

understood by referring to FIGS. 3 through 10. l ate <i signal output port 52. Heterodyne signal input port 51 

Referring now primarily to FIG. 3, and also to FIG. 2, of receiver 35 is connected to a second output port 53 of 

interface module 21 of adapter unit 23 may be seen to 10 frequency synthesizer 37, and to a series combination of a 

include a jack 30 having a connector 30-1 for receiving fluency doublet 54 and buffer amplifier 55, the output port 

audio input signals from the microphone in the handset of an of which 15 connected to the first input port 5 6 of a first mixer 
existing vehicle-mounted cellular radio telephone 12. Jack 

30 of interface module 21 also includes a connector 30-2 for Duplexer 36 prevents RF power signals on output port 49 

receiving command signals used to configure existing 15 of transmitter 34 from appearing on input port 50 of receiver 

mobile transceiver 13 into desired operating modes. 35 * To perform this function, duplexer 36 includes a first, 

Interface module 21 also includes a plug 32 for intercon- transmitter bandpass filter 36-1 connected in series with 

necting adapter unit 23 to an existing cellular transceiver 13. out *> ut f> ort 49 of * F transmitter power amplifier 47 and an 

Plug 32 includes a connector 32-1 for conveying audio antenna ^ ^ u fflter 36-2 > * e f?** termm l° f ^ ch 15 

signals to existing mobile transceiver 13, and a connector 20 connected through power cable 25 to antenna 24 Duplexer 

32-2 for conveying command signals to the transceiver. 36 ^° mckdes a seo ° nd > recei ^ er bandpass filter 36-3 

* . - \™ -» * -v, i - ! , having an input termmal connected to the junction node of 
As shown in FIG. 3, adapter unit 23 also mcludes a radio ^ fflter 3^ Ue J M of bms . 

teansceiver 22 uiat operates at radio frequencies different ^ ^ ^ ^ ^ receiv J band ^ 36 . 3 

from those used by existing mobile transceiver 13. Trans- i . f , , DC 

*v»- i j tot?* ia a r>T7 • 25 are non-overlapping, thus pre venting transmitted RF energy 

ceiver 22 includes an RF remitter 34 and an RF receiver from ^ ^ the receiver bandpass filter to input 

35. The output port of transmitter 34 and input port of port 5 S 0 f receiver 35. For example, re Jver bandpass filter 

receiver 35 are connected to separate ports of a duplexer 36, fa ^ ^ a band between % 02100 

the latter having an output port connected to a single antenna u A onnr . u , .t. u , - n 

- A , fo r JL v L1 t, r c mhz and 903.8700 mhz, while transmitter bandpass filter 

24 by means of an RF power cable 25. The function of ^ ^ ^ ^ a w extendin betwee £ n6 10Q 

duplexer 36 is to permit toammitter 34 and receiver 35 to use mfaz md 927 8?00 ^ 

the same antenna 24 while protecting the receiver from high „ . ™ <-« i • 

transmitter power levels which might damage the receiver. Rece f 6r 35 MC j udes ^ 5 * iavm S m "f 1 

Transceiver 22 also includes a frequency synthesizer 37 for connected to modulated RF Signal input port 50 of 

producing an RF carrier signal for transmitter 34, and an RF J? ce f er ' ^ an £ ^ t | ut connected to a first receiver 
f . u * A f . i x* - w . 35 RF bandpass filter 59. The output port of first RF bandpass 

beat or heterodyne frequency signal for receiver 35, which „^ _ A " , 1 f . ^ , A " . " 

is of the su erheterod e type 1S C0U P* ec * to a secon£ l input port 60 of first mixer 

* i • py/^ j * . 4 , * 1 j 57, which produces at its output terminal, a first intermediate 

** iT^ V dap " U 23 4 3150 ™ lud6S * frequency (IF) signal having a center frequency equal to the 
pre-am P hfier 38 for amplifying audio input signak on audio m ^ ies between the modulated \ F signal 

mpat terminal 30-1 to a level sufficient to modulate at a ^ at ^ t terminal 6Q ^ a local heterod si ^ at { t 

desned percentage the RF carrier signal produced by trans- tcrminal 56 ^ first w s{ ^ ^ tcrminal ^ of ^ 

« f ^f?™ 1 m< l 1 ! ldeS mixer 57 is conducted through a first IF bandpass filter 62 

39 for amplifying demodulated audio signals from receiver ^ &st IF Mer ^ to a fifSt { 65 of a second 

35 to a level sufficient to drive me earphone or loudspeaker mixer R Second ^ u ^ a second h 66 

of the existing cellular telephone handset 12. 45 connected to the output terminal of a locai oscil [ ator F 6 7, the 

Refernng still to FIG. 3, it may be seen that adapter umt frequency of which is controlled by a crystal 68. Second 

23 includes a control unit 40. The function of control unit 40 mixer g 4 produC es at its output terminal 68 a second 

is to control the operation of the various components of intermediate frequency (IF) signal having a center frequency 

adapter umt 23. Control unit 40 includes a microprocessor equal to ^ difference in frequencies between the first IF 

41, the operation of which is controlled in part by an 5Q frequency and the local oscillator frequency. The second IF 

electrically programmable read only memory (EPROM) 42. signal at &e 01ltput terminal 68 of mixer 67 is 

Under program control, microprocessor 41 processes digital conducted through a second IF bandpass filter 69 and a 

data and status signals received from other components of second IF amplifier 70 to a discriminator 71. Discriminator 

adapter unit 23, and emits command signals which control 71 demodulates audio frequency information signals from 

the operation of transmitter 34, receiver 35, and other 55 the second IF signal, producing at output terminal 72 of the 

components of adapter unit 23. A detailed description of the discriminator the demodulated information signals. The 

functions of control umt 40 is given below. demodulated information signals are conducted to a high 

FIGS. 4 and 5 illustrate in more detail the structure and pass audio filter 72 having a lower cutoff frequency F c of 

function of control unit 40 and transceiver 22 of adapter unit about 300 Hz. Output terminal 73 of high pass filter 72 is 

23. 60 connected to an interface terminal 74 of transceiver 22, and 

Referring first to FIG. 5, transceiver 22 may be seen to it further processed and conveyed to an earphone or speaker 
include transmitter 34, receiver 35, duplexer 36 and fre- as will be described below. Output terminal 73 of high pass 
quency synthesizer 37. Transmitter 34 includes a frequency filter 73 is also connected to the input terminal of a low pass 
doubler 43 having an input port 44 connected to a first output audio filter 75 having an upper cutoff frequency of about 3 
port 45 of frequency synthesizer 37. The output port of 65 Khz. Hie output terminal 76 of low pass audio filter 75 is 
frequency doubler 43 is coupled to the input port of a buffer connected to an interface terminal 77, and is further pro- 
amplifier 46, the output port of which is connected to the cessed and conveyed to digital decoding circuitry for decod- 
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ing data signals contained in a received signal, as will be nal 105 on phase comparator 100, an output terminal 106 of 

described in greater detail below. phase comparator 100, a control input terminal 107 on VCO 

Referring still to FIG. 5, frequency synthesizer 37 will 102, an output terminal 108 on VCO 102, and a data input 

now be described in greater detail As shown in FIG. 5, port 110 on programmable divider 104, all identical in 

frequency synthesizer 37 includes a temperature controlled 5 structure and function to the corresponding elements 

crystal oscillator 78, the output terminal of which is con- described above for receiver PLL 37-1. Transmitter VCO 

nected to a frequency divider 79. The lower frequency 102 has an additional active input terminal 115 that is 

reference signal at the output terminal of frequency divider connected to the wiper of a modulation adjustment poten- 

79 is used as a reference frequency signal for two indepen- tiometer 117, the input terminal 118 of which is connected 

dent phased locked loops (PLL); a first PLL 37-1 for 10 to a source of audio and digital modulation signals provided 

receiver 35 and a second PLL 37-2 for transmitter 34. First by control unit 40. These modulation signals are effective in 

phase locked loop 37-1 produces a heterodyne signal for modulating at audio frequencies the radio frequency carrier 

receiver 35 and includes a phase comparator 80 having a signal produced by VCO 102 appearing at output terminal 

reference input terminal 8L Also included in the first 108 thereof. Percentage modulation of the carrier is con- 

rcccivcr phase locked loop is a first voltage controlled 15 trolled by potentiometer 117. 

oscillator (VCO) 82. The output terminal of first VCO 82 is As shown in FIG. 5, transceiver 22 includes a noise 

amplified by a first VCO buffer amplifier 83, divided in detector functional block 120. Noise detector block 120 

frequency by a first programmable divider 84, and inputted includes a first noise amplifier 121 connected to demodu- 

to a second input terminal 85 of phase comparator 80. lated signal output terminal 52 of receiver 35. The output 

Output terminal 86 of phase comparator 80 is connected to 20 terminal of first noise amplifier 121 is connected to two 

a control input terminal 87 of first VCO 82. Phase compara- parallel discrete noise level detector branches. First, 20-db. 

tor 80 produces at its output terminal 86 an error signal detector branch includes a second noise amplifier 122, first 

proportional to the difference in frequency between a signal noise rectifier 123, and first comparator 124. When the 

at reference input terminal 81 of the phase comparator and average noise level of the demodulated signal at output 

the divided-frequency VCO output signal. When inputted to ^ terminal 52 of receiver 35 is 20-db. above a reference level, 

control input terminal 87 of VCO 82 , the error signal causes set by a first reference potentiometer 125 connected to a 

the frequency of the VCO to vary in a direction that reduces reference input 126 of first comparator 124, the rectified 

the error signal to a minimum, thus causing the frequency of signal at an input terminal 127 of the first comparator causes 

the receiver heterodyne signal at output terminal 88 of VCO a logic true level to appear at output terminal 128 of the first 

82 to be maintained at a precise multiple of the frequency of 30 comparator. This logic level is utilized by control unit 40 in 

temperature controlled crystal oscillator 78. a manner to be described below. 

Receiver PLL 37-1 includes means for detecting the Noise detector block 120 also includes a second, 30-db. 

existence of a phase lock loop error signal at the output of branch that includes a second noise rectifier 133, and a 

phase comparator 86 that is above a pre-determined thresh- second comparator 134 having a signal input terminal 137, 

old value for a pre-determined duration, thus indicating that 35 a reference input terminal 136 connected to a second refer- 

the phase lock servo loop is in an unstable, hunting, or ence potentiometer 135, and an output terminal 138. When 

unlocked condition. The unlocked condition is outputted as average noise 30-db. above a reference level set by poten- 

a discrete status signal on output terminal 89 of digital tiometer 135 is detected by second comparator 134, a logic 

synthesizer 37, and is used by control logic in a manner to true level appears at output terminal 138 of the second 

be described later. 40 comparator. 

Programmable divider 84 of receiver PLL 37-1 has a data Referring now primarily to FIG. 4, and also to FIGS. 3 
input port 90 connected to transceiver input port 91, labelled and 5, adapter unit 23 may be seen to include a control unit 
SD data. Digital data signals generated by the control unit in 40 which comprises the bulk of the functions of interface 
a manner to be described later are inputted to data input port module 21, and which is interconnected with resident low 
90 of programmable divider 84 to configure the divider to a 45 power link transceiver 22, shown in FIG. 5 and discussed in 
desired division ratio, thus allowing the heterodyne signal detail above. In the preferred embodiment, control unit 40 
generate by VCO 82 to frequency hop to a desired one of a includes a microprocessor comprising a Central Processing 
plurality of frequencies. Frequency synthesizer 37 also has Unit (CPU) 41 and a Read Only Memory (ROM) 42. 
a reset input port 92 that permits resetting the various Preferably "CPU" 41 actually includes internal ROM pro- 
registers used in the frequency synthesizer, allowing the 50 gram memory and volatile Random Access Memory (RAM) 
interruption of phase locks of both receiver PLL 37-1 and elements, which together function as an operable microcom- 
transmitter PLL 37-1 and entry of new division ratios for puter or microprocessor. Control unit 40 includes a crystal 
programmable divider 84, thus allowing both receiver 35 140 for controlling to a precise value an internal clock within 
and transmitter 34 to be stepped to different operating CPU 41 and a power supply 141 that utilizes 12-volt vehicle 
frequencies. Frequency synthesizer 37-1 also has a clock 55 power inputted on terminal 141-1 to provide various regu- 
input port 93 that conveys a clock signal generated by lated voltages required by adapter unit 23. 
control unit 40 to the various registers of the frequency As shown in FIG. 4, control unit 40 includes a modulator 
synthesizer, allowing synchronous loading of data into the signal processing section 142 that produces on its output 
registers. terminal 143 a signal that is coupled to modulation input 

Transmitter PLL 37-2 is substantially identical in struc- 60 terminal 118 of transceiver unit 22 (FIG. 5) and used to 

ture and function to that of receiver PLL 37-1 just described. modulate the RF carrier signal of transmitter 34. Modulator 

Thus, transmitter PLL 37-2 utilizes the same temperature signal processing section 142 includes a microphone pre- 

controlled crystal oscillator 78 and divider 79. Transmitter amplifier 144 connected to audio input terminal 30-1 

PLL 37-2 has a phase comparator 100 having a first refer- through a first series mute switch 145. First series mute 

ence signal input terminal 101, a voltage controlled oscil- 65 switch 145 has a control input terminal 146 connected to a 

lator (VCO) 102 and associated output buffer amplifier 103, (LINE MUTE)* interrupt or control output terminal 147 on 

a programmable divider 104, a second variable input termi- CPU 41. First series mute switch 145 blocks audio signals 
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on input terminal 30-1 from being inputted to microphone terminal (RX AF) 176 of the control unit Audio signal 
pre-amplifier 144 when the first series mute switch receives processing section 175 includes a low pass filter 177 having 
a (LINE MUTE)* command from CPU 41. The output an input port connected to audio input terminal 126, and an 
terminal of microphone pre-amplifier 144 is coupled to an output port connected to a dynamic speech expander circuit 
Automatic Level Control circuit (ALC) 148. The output 5 178, the function of which is to decompress audio signals, 
terminal of ALC 148 is connected to a limiter 149, which i.e., expand the dynamic range of the signals to their original 
together with the ALC 7 compresses the dynamic range of values. The output signal of expander 178 is coupled 
speech signals to a pre-determined maximum value. The through a preamplifier 179 to a de-emphasis circuit 180, the 
output terminal of limiter 149 is connected through a second function of which is to provide a load impedance on the 
series mute switch 150 to a dynamic range compressor 152. 10 preamplifier even with switch 181 open. The output signal of 
Second series mute switch 150 has a control input terminal de-emphasis circuit 180 is coupled through a series receive 
151 that is connected to a transmit mute (TX MUTE) output mute switch 181 to a first input port 183 of a mixer amplifier 
terminal 153 on CPU 41. Second series mute switch 150 182. Series receive mute switch 181 has a control input 
blocks audio signals at the output of Hmiter 149 from being terminal 184, which is connected to an (RX MUTE)* output 
inputted to compressor 152 when the second series mute 15 interrupt terminal 185 of CPU 41. When transceiver 22 is not 
switch receives a signal from CPU 41 indicating that the in a receive mode, CPU 41 causes a discrete signal level to 
adapter unit 23 is not in a transmit mode. appear on (RX MUTE)* output interrupt terminal 185 of 

Tfceao^t tennis CPU 41 of the proper ^^!«™^ f ^ 

a high paL filter 154 having a lower cutoff frequency of signals from de-emphasis circuit 180 to mixer amphfie r M2. 
about 300 Hz to a first input terminal 156 of a mixer 20 Mixer amplifier 182 has a second input terminal 186 
amplifier 155. The output terminal of mixer amplifier 155 is connected to the output terminal of DTMF mute switch 150 
connected through a low pass filter 157 having an upper allowing DTMF tones generated under command of CPU 41 
cut-off frequency of about 3 Khz to a post amplifier 158, the to be impressed on the output terminal of mixer amplifier 
output terminal of which is connected to modulator signal 182, which is connected to audio output terminal 32-1 ot 
processing section output terminal 143. 25 adapter unit 23. As indicated in FIGS. 3 and 4, audio output 

Mker^ifier 155 of modulator signal processing sec M ^ 2 ^^?f W ^ 
tion 142 has a second input terminal 159 that allows adding or speaker of an existing cellular telephone handset 
DTMF tones to the modulator signal at output terminal 143 Control unit 40 also includes a number of signal input 

of the modulator signal processing section. Input terminal ^ n terminals that are connected to interrupt or data input ports 
159 is connected in series with a DTMF mute switch 160 to 30 of CPU 41. TTiese include a rmg detect terminal 30-2 
a DTMF generator 161. DTMF generator 161 is connected connected externally to the existing cellular telephone 
to a DTMF data output terminal 162 of CPU 41, and to an transceiver, and internally through a BELL Detect circuit 
external oscillator frequency control crystal 163. Command 187 to an input port 188 of CPU 41. In the preferred 
signals from CPU 41 on output terminal 162 cause selected embodiment, a multi-pole option-select switch 189 is con- 
DTMF tones to be emitted by DTMF generator 161 and 35 nected to a parallel data entry input port 190 of CPU 41, and 
coupled through DTMF mute switch 160 to second, DTMF is used to select operational program options for adapter unit 
input terminal 159 of mixer amplifier 155. DTMF mute 23. Typical of such options is pulse dialing rather than DTM 
switch 160 has a control input terminal 164 connected to a tones, for example. 

(DTMF Mute)* output terminal 165 of CPU 41. DTMF Control unit 40 includes an RX data input terminal 190 
mute switch 160 blocks DTMF tone signals from proceeding that is connected externally to RX data output terminal 77 of 
beyond DTMF generator 161 when the DTMF mute switch transceiver 22, and internally through an RX data detect 
receives a signal from CPU 41. circuit 191 to a serial data input port 192 in CPU 41. 

Mixer amplifier 155 has a third input terminal 166 that Control unit 40 has an FLS1 input terminal 193 connected 
allows adding ringer/alarm tones to the modulator signal at 45 externally to 20-db. noise level detect output terminal 128 of 
modulator signal output terminal 143 . Input terminal 166 of transceiver 22, and internally to a data input port 194 of CPU 
mixer amplifier 155 is connected in series with a low pass 41. An FLS2 input terminal 195 of control unit 40 is 
filter 167 having an upper cutoff frequency of about 3 Khz connected externally to 30-db. noise level detect output 
and in series with an Alarm Mute switch 168 to a Ringer/ terminal 138 of transceiver 22, and internally to a data input 
Alarm output terminal 169 of CPU 41. Alarm Mute switch 5Q port 196 of CPU 41. Input terminal 197 of control unit 40 is 
168 has a control input terminal 170 connected to an Alarm connected externally to the Unlock status output terminal 89 
Mute output terminal 171 of CPU 41. Alarm Mute switch of frequency synthesizer 37 of transceiver 22, and internally 
168 blocks ring or alarm signals from being inputted to to data input port 198 of CPU 41. 

mixer amplifier 155 when the mute switch receives an Alarm Control unit 40 also includes a number of output terminals 
Mute command signal from CPU 41. 55 connected to data or discrete output ports of CPU 41, that are 

Mixer amplifier 155 has a fourth, data input terminal 172 to control operation of frequency synthesizer 37. Thus, 

connected through a low pass filter 173 having an upper output port 199 of CPU 41 emits a continuous clock signal 
cutoff frequency of about 3 Khz to a Transmit Data output wn i c h is connected internally to output terminal 200 of 
terminal 174 of CPU 41. Filtered serial data outputted on control unit 40, and externally to clock input terminal 93 of 
terminal 174 of CPU 41 and inputted to input terminal 172 60 frequency synthesizer 37. Output terminal 201 of CPU 41 
of mixer amplifier 155 is impressed on the modulator signal emits serial data which are coupled through output terminal 
at output terminal 143 of modulator signal processing sec- 202 of control unit 40 to serial data input terminal 91 of 
tion 142. frequency synthesizer 37 in transceiver 22. Output terminal 

As shown in FIG. 4, control unit 40 of adapter unit 23 203 of CPU 41 emits reset signals through output terminal 
includes an audio signal processing section 175 for process- 65 204 of control unit 40 to Reset input terminal 92 of fre- 
ing received audio signals on audio output terminal 74 of quency synthesizer. Reset signals are used to clear registers 
transceiver 22, FIG. 5, which is connected to audio input in frequency synthesizer 37, allowing serial data on output 
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terminal 202 accompanied by a synchronizing clock signal wall adapter 215 that permit the re-chargeable battery pack 

on output terminal 200 of control unit 40 to be entered into to be re-charged by household current. Handset 26 also 

the frequency synthesizer, which data are used to set the includes a keypad 216 and volume control 217. 

operating frequencies of both transmitter 34 and receiver 35 FIGS. 7 and 8 illustrate in more detail the structure and 
to precisely determined values. 5 function of control unit 240 and transceiver 222 of handset 

Control unit 40 includes a series switch 206 which outputs 26. 
operating power on output terminal 207 for the phase-lock Referring first to FIG. 8, and comparing it with FIG. 5, it 
loops 37-1 and 37-2 of frequency synthesizer 37, when ma y be seen that handset transceiver 222 is substantially 
commanded by a discrete signal on output port 205 of CPU identical in structure and function to resident base unit 
41, 10 transceiver 22. In FIG. 8, each element 34-139 of handset 
The foregoing material describes the structure and some transceiver 222 is designated by a number equal to the 
of the functions of the transceiver 22 and control unit 40 that element number of the corresponding element of transceiver 
comprise most of adapter unit 23. More details of the 22 of resident transceiver 22 of FIG. 5, plus 200. Thus, for 
functional operation of adapter unit 23 will be given below, example, FIG. 8 shows a duplexer designated by the element 
after the following description of the structure and function 15 number 236, while FIG. 5 shows the identical duplexer 
of cordless hand-held handset/transceiver unit 26. designated by the element number 36. Because of the 
Referring now to FIGS. 6S, and particularly to FIG. 6, aforementioned one-for-one oDrrespondence of reference 
cordless hall-held hand^t/tr^sceiver unit 26 may be seen elements 34-139 m FIG. 5, to el— 
to include a transceiver 222, and a control unit 340. Trans- 2Q 234-339 m FIG. 8, a co^xmO^^ of the struc- 
ceiver222issubstan^ 20 toe ** d ma ? ^ obtained by referring to the 
to transceiver 22 of adapter unit 23, shown in FIGS. 3 and description of transceiver 22 ^ven above. 
5. However, hand-held transceiver 222 preferably operates Referring now primarily to FIG. 7, and also to FIGS. 6 
at a peak transmitted power level of about 0.13 mw, while and 8, handset 26 may be seen to include a control unit 340, 
resident base transmitter 22 preferably operates at a peak which is interconnected with handset low power link trans- 
transmitted power level of about 0.13 mw. Hand-held trans- ceiver 222, shown in FIG. 8, and discussed in detail above, 
ceiver 222 operates at the same radio frequencies as those of In the preferred embodiment, control unit 340 includes a 
resident link transceiver 22, i.e., at frequencies different microprocessor comprising a central processing unit (CPU) 
from those used by existing mobile transceiver 13. 341 and a Read Only Memory (ROM) 342. Preferably, 
As shown in FIG. 6, transceiver 222 includes an RF 30 "CPU" 341 actually includes internal ROM program 
transmitter 234, and an RF receiver 235. The output port of memory and volatile Random Access Memory elements, 
transmitter 234 and input port of receiver 235 are connected which together function as an operable microcomputer or 
to separate parts of a duplexer 236, the latter having an microprocessor. Control unit 340 includes a crystal 440 for 
output port connected to a single antenna 224 by means of controlling to a precise value an internal clock withm CPU 
an RF power cable 225. The function of duplexer 236 is to 35 341, and a power supply 213. 

permit transmitter 234 and receiver 235 to use the same Power supply 213 includes a first voltage regulator 218 
antenna 224 while protecting the receiver from high trans- for supplying regulated power to +V £>1> input power terminal 
mitter power levels which might damage the receiver. Trans- 219 of CPU 341. Power supply 213 also includes a second 
ceiver 222 also includes a frequency synthesizer 237 for voltage regulator 220. Second voltage regulator 220 pro- 
producing an RF carrier signal for transmitter 234, and an 40 vides power to three switching power supplies; RX Power 
RF heat nr heterodyne frequency for receiver 235, which is 226, TX Power 227, and TX PLL Power 228. Handset 26 
of the superheterodyne type. includes a power switch 229 having one set of contacts that 

As shown in FIG. 6, cordless hand-held unit 26 includes is in series with the positive terminal of battery pack 212 and 
a control unit 340. The function of control unit 340 is to a Power-On Reset circuit 230. When power switch 229 is 
control the operation of the various components of cordless 4 5 closed, Power-On Reset circuit 230 emits a momentary reset 
hand-held unit 26, provide electrical power to the various pulse which is inputted to (RESET)* mput terminal of CPU 
components of the hand-held unit, receive and transmit 341. The momentary reset pulse resets registers within CPU 
audio information, and perform telephone number entry and 341 to permit initiation of normal sequential operation of the 
other functions of a telephone. Control unit 340 includes a CPU. Control unit 340 also includes a low battery voltage 
microprocessor 341, the operation of which is controlled in 50 detector 232 having an input terminal connected to battery 
part by an electrically programmable read only memory pack 212 and an output terminal connected to a (BATTERY 
(EPROM) 342. Under program control, microprocessor 341 LOW)* input interrupt terminal of CPU 341. When the 
processes digital data and status signals received from other voltage of battery pack 212 drops below a pre-deterrmned 
components of cordless handset 26, and emits command threshold value, a signal is emitted by battery voltage 
signals which control the operation of transmitter 234, 55 detection 232 that causes CPU 341 to issue a beeping tone 
receiver 235 and other components of the cordless handset. audio signal and a flashing command signal to LED 520. 
Handset 26 includes a microphone 210 coupled through a As shown in FIG. 7, control unit 340 of handset 26 
preamplifier 238 to transmitter 235. The function of pream- includes a modulator signal processing section 442 that 
plifier 238 is to amplify speech signals to a level sufficient produces on its output terminal 443 a signal that is coupled 
to modulate at a desired percentage level the RF carrier 6 o to modulation input terminal 318 of transceiver unit 222 
signal produced by transmitter 234. Handset 26 also (FIG. 8) and used to modulate the RF carrier signal of 
includes an audio amplifier 239 and loudspeaker 211. transmitter 234. Modulator signal processing section 442 
Amplifier 239 amplifies demodulated audio signals from includes a pre-amplifier 444 and an ALC circuit 448 con- 
receiver 235 to a level sufficient to drive loudspeaker 211. nected in series with a limiter 449. The output terminal of 

Also included within handset 26 is a re-chargeable battery 65 limiter 449 is connected through a Microphone Mute FET 
pack 212 and power supply 213 used to power the various switch 450 to a Dynamic Range Compressor 452. Micro- 
components of the handset, and a battery charger 214 and phone Mute switch 450 has a control input terminal 451 that 
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is connected to a mechanical push button mute switch 447. 
Push button mute switch 447 is also connected to a Micro- 
phone Mute input terminal 453 of CPU 341. Actuating push 
button mute switch opens Microphone Mute series switch 
450, preventing microphone signals from being outputted on 
output terminal 443 of modulator signal processing section 
442, and providing a status control signal to input terminal 
of CPU 341. 

The output terminal of compressor 452 is coupled through 
a high pass filter 454 having a lower cutoff frequency of 
about 300 Hz to a first input terminal 456 of a mixer 
amplifier 455. The output terminal of mixer amplifier 455 is 
connected through a low pass filter 457 having an upper 
cut-off frequency of about 3 Khz to a post amplifier 158, the 
output terminal of which is connected to modulator signal 
processing section output terminal 443. 

Mixer amplifier 455 of modulator signal processing sec- 
tion 442 has a second input terminal 459 that allows digital 
data to be impressed on the modulator signal at output 
terminal 443 of the modulator signal processing section. 
Serial data outputted on TX Data terminal 474 of CPU 41 
and inputted to input terminal 459 of mixer amplifier 455 is 
impressed on the modulator signal of output terminal 443 of 
modulator signal processing section 442. 

As shown in FIG. 7, control unit 340 of handset 26 
includes an audio signal processing section 475 for process- 
ing received audio signals on audio output terminal 274 of 
transceiver 222, FIG. 8, which is connected to audio input 
terminal (RX AF) 476 of the control unit. Audio signal 
processing section 475 includes a low pass filter 477 having 
an input port connected to a dynamic range expander circuit 
478. The output signal of expander 478 is coupled through 
a buffer amplifier 479 to audio frequency amplifier 239. The 
output signal from audio frequency amplifier 239 is coupled 
through a series Speaker Mute FET switch 481 to speaker 
211. FET switch 481 has a control input terminal 484 which 
is connected to a (SPEAKER MUTE)* output interrupt 
terminal 485 on CPU 341. Under control of CPU 341, a 
discrete signal level appearing on terminal 485 of CPU 341 
blocks signals inputted to Speaker Mute switch 481 from 
being inputted to speaker 211. 

Control unit 340 also includes a number of signal input 
terminals that are connected to interrupt or data input ports 
of CPU 341. These include an OFF-HOOK input port 488 
connected to an OFF-HOOK microswitch 489 located on 
handset 26 and actuated by pivoting a flip-up cover door into 
an operating position. 

Control unit 341 also includes an RX Data input terminal 
490 that is connected externally to RX Data output terminal 
277 of transceiver 222, and internally through an RX Data 
comparator circuit 491 to a serial data input port 492 of CPU 
341. 

Control unit 341 also has a FLS1 input terminal 493 
connected externally to 20-db. noise level detect output 
terminal 328 of transceiver 222, and internally to a data 
input port 494 of CPU 341. An FLS2 input terminal 495 of 
control unit 340 is connected externally to 30-db. noise level 
detect output terminal 338 of transceiver 222, and internally 
to a data input port 496 of CPU 341. Input terminal 497 of 
control unit 340 is connected externally to the Unlock status 
output terminal 289 of frequency synthesizer 237 of trans- 
ceiver 222, and internally to data input port 498 of CPU 341. 

As shown in FIG. 7, keypad 216 of handset 26 has an 
output port 460 connected to a data input port 461 of CPU 
341. 

Control unit 340 of handset 26 also includes a number of 
output terminals connected to data or discrete output ports of 
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CPU 341, that are used to control operation of frequency 
synthesizer 237. Thus, output port 499 of CPU 341 emits a 
continuous clock signal which is connected internally to 
output terminal 500 of control unit 340, and externally to 
Clock INPUT terminal 293 of frequency synthesizer 237, 
FIG. 8. Output terminal 501 of CPU 341 emits serial data 
which are coupled through output terminal 502 of control 
unit 340 to serial data input terminal 291 of frequency 
synthesizer 237 in transceiver 222. Output terminal 503 of 
CPU 341 emits reset signals through output terminal 504 of 
control unit 340 to Reset input terminal 292 of frequency 
synthesizer 237, allowing serial data on output terminal 502 
accompanied by a synchronizing clock signal on output 
terminal 500 of control unit 340 to be entered into the 
frequency synthesizer, which data are used to set the oper- 
ating frequencies of both transmitter 234 and receiver 235 to 
precisely determined values. 

As shown in FIG 7, handset 26 includes a ringer trans- 
ducer 510 driven by a ringer amplifier 511. Ringer amplifier 
511 has an input terminal connected to the output terminal 
of a level control circuit 512. Level control circuit 512 is 
connected to a Ringer Select discrete output terminal 513 of 
CPU 341. Ringer amplifier 511 also has a control input 
terminal 514 connected to the output terminal of a ringer 
amplifier switching control circuit 515 that has an input 
terminal connected to an output Switching Control terminal 
516 of CPU 341. Level control circuit 512 functions as a 
switch under control of CPU 341, causing the volume of 
ringer 510 to be high when handset 26 is in use, and causing 
the ringer to emit a buzzing sound at low volume if the 
voltage of battery pack 212 drops below a pre-determined 
value. 

As shown in FIGS. 2 and 7, front panel 517 of handset 26 
contains LED's (Light Emitting Diodes) that indicate the 
operating status of the handset. Thus, an Inuse LED 518 
connected to an output port 519 of CPU 341 indicates that 
the handset 26 is in use. A Direct LED 520 connected to an 
output port 521 of CPU indicates that the voltage of battery 
pack 212 is below a predetermined minimum value. And a 
Multi LED 522 connected to an output port 523 indicates 
that handset 26 is in either a recall mode, or a mode in which 
phone numbers are being programmed into the handset. 

The structure and function of individual components of 
cordless range extension apparatus 20 have been described 
in some detail above. The overall functional operation of the 
apparatus may now be best understood by referring to FIGS. 
13-16. 

The functions performed by the novel cordless range 
extension apparatus for radio telephones according to the 
present invention may be best understood by first reviewing 
the functions performed by a conventional prior art cellular 
mobile telephone (CMT), as depicted in FIGS. 10 through 
12. 

Thus referring first to FIG. 10, activating the POWER-ON 
switch of a conventional cellular mobile telephone (CMT), 
of the type indicated by the numeral 10 in FIG. 1, causes the 
receiver within the CMT to "look for" an RF PAGING 
CHANNEL signal coming from the cellular network and 
indicating that cellular service is available. If service is not 
available, the CMT phone will display a NO SERVICE 
signal on a liquid crystal display (LCD) or similar display 
device. If service is available, the phone will display 
SERVICE, and the CMT will constantly monitor base trans- 
mitters in the cellular network, switching the transmitter and 
receives channels of the CMT to permit communications 
with that base station having the strongest signal received by 
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the CMT If the strongest transmitted base signal received by switch 489 (FIG. 8). As shown in FIG. 8, power-on switch 
the CMT drops below a predetermined value, the CMT will 229 must also be activated to operate handset 26. At this 
once again initiate a frequency scan to determine if service time CPU 341 of handset 26 causes frequency scan com- 
V .rT7 mands to be issued to frequency synthesizer 237. The 

is availaDie. purpose of the frequency scan is to select from a group of 

FIG. 11 illustrates the sequence of operations Performed f ran F smiUer md receiver frequency channels different from 
in making a call from the CMT, after the POWER-UP and those ^ by existing q^j ce li u lar networks an available 
SERVICE AVAILABLE operations described above have dup i ex transmission channel. Upon locating a clear channel 
been executed. To make a call from the CMT, the number to sign ^ both receiver and transmitter phase lock loops in 
be called is entered on the keypad of the CMT handset and handset transceiver 222 become locked. At this time, hand- 
a SEND button on the handset is actuated. The CMT will set transceiver 2 22 transmits on the clear channel transmitter 
once again verify that service is available. If service is not frequency a security code to resident transceiver 22. If the 
still available, a NO-SERVICE message will be displayed. If security OTde matc hes the identity code of resident trans- 
service is available, a data signal is transmitted by the CMT ceiyer ^ ih& resident transmitter sends back a dial tone on 
to the nearest base station. The base station then scans ^ RF carficr gignal to nandsct transceiver 222. Upon 
through the set of available communication channels to find 15 he ^ ^ ^ ft persQn holding handset 2 6 may enter 
a clear channel. If no clear channel is available, the base a telephoQe numbe r on keypad 216. This results in a 
channel will send back a status signal to the CMT indicating sequence G f DTMF tones corresponding to the number 
that fact, causing the CMT to select another base station that tQ be transmitted to handset transceiver 222 to resi- 

may have a clear channel. This process is repeated until a dent transceiver 22 in adapter 23. Under control 

base station is found which has a clear channel available. 20 ^ ^ ^ controlimit 4Q of adapter 23, range extension 
When such a base station has been interrogated by RF accessory apparatus 20 then enters an "Extension Control 
signals from the CMT, the base station sends back data Mode ^ ^ mode ^ duf>lex commumcat ion with the CMT 
signals to the CMT that identify which frequency channels network ^ rcmted through and controlled by remote exten- 
the transmitter and receiver of the CMT transceiver should skm hm6sti 26 ratner ^ resident CMT handset 12. When 
be set to, and what RF power level the CMT transmitter 25 rahls20 is ^ the Exte nsion Control Mode, the received 
should operate at. The CMT transceiver then operates in DTMp gignals are to tagpfa of the same 

two-way communication through the base station to a format Qr protocol mal is used by ^ existing CMT to 
selected telephone number. convey numbers from the existing CMT handset to the 

FIG. 12 illustrates a typical sequence of operations occur- 3q existing mobile transceiver 22. In response to those digital 
ring in the reception of a telephone call by a CMT. As shown signals, the SEND function of CMT transceiver 13 is 
in FIG. 12, when a cellular network base station receives a activated, causing the number entered in keypad 216 of 
call for a mobile telephone number from a fixed or mobile handset 26 to be transmitted over the cellular network Upon 
telephone, the base station transmits on the paging channel reaching the number dialed, voice or data signals from the 
a data hailing signal containing the CMT number. If the base ^ ma y be transmitted back over the cellular 

station receives no response to the hailing signal, the base network to transceiver 13, where the voice and/or data 
station plays to the caller a recorded message saying that the signals are demodulated from the RF carrier and outputted 
cellular mobile telephone is "out of radio range" or {t unat- ^ om transceiver 13. However, rather than be conveyed to 
tended." handset 12, these signals are interrupted by interface module 

If, however, the base station sending the hailing signal 4Q 21, and used to modulate a down-link RF carrier signal 
receives a transponder response signal indicating that the transmitted by transmitter 34 of down-link transceiver 22 to 
CMT having the mobile telephone number dialed is in the receiver 235 of handset 26. Voice signals received are 
service area of the cellular network, a data message is sent processed by the transceiver circuitry 222 and control cir- 
from the initiating base station to the base nearest to the cuitry340of handset 26, and outputted on speaker 211 of the 
referenced CMT The selected base station scans for clear 45 handset. Data signals received arc inputted to CPU 341, 
channels, and if none are found, hands off the waiting where they may be used to control functions of the handset 
telephone call to the next nearest base station. When a base circuits, outputted to a telefax modem or computer modem, 
station finds a clear channel, a data signal is sent to the CMT or perform other such functions. 

with instructions as to which CMT transceiver transmitter \ n response to digital or voice signals received by trans- 
and receiver frequency channels to use, and what transmitter 5Q ce iver 222 of handset 26, voice signals from microphone 
RF power level to operate on. The ringer on the CMT 210, and/or data signals from output port 474 of CPU 341, 
handset is then activated, at which time the CMT user may are used to modulate the up-link RF carrier signal transmit- 
pick up the handset, generating an off-hook signal which ted by handset transmitter 234. These signals are received by 
permits two-way conversations with the party that originally receiver 35 of adapter unit transceiver 22, demodulated, and 
dialed the CMT number. 55 conveyed to CMT transceiver 13, where they are used to 

Having described the functions typical of operation of a modulate the high power CMT carrier and transmitted onto 
conventional CMT, the novel features and advantages of the the cellular network, as described above. 
Cordless Range Extension Apparatus for Radio Telephones FIGS. 15 and 16 illustrate the sequence of operations 
may be best understood by reference to the previously performed by the cordless range extension apparatus 20 of 
discussed FIGS. 2-8, in conjunction with FIGS. 13-16. 60 FIGS. 2-8, by which a telephone call made to a CMT 12, 13, 

FIGS 13 and 14 illustrate the sequence of operations 15 and 16 connected to an adapter unit 21 may be received 
performed by the cordless range extension apparatus 20 of by portable remote handset/transceiver 26. 
FIGS. 2r-8, by which a telephone call may be initiated from Referring first to FIG. 12 and the description of receiving 
a remote handset 26 of the apparatus, at a low power level, a call by a CMT given above, the second last block of FIG. 
and transmitted into a cellular network at high power by 65 12 depicts activation of a ringer within the existing CMT 
vehicle-mounted transceiver 13. Thus, to initiate a call, a handset. For a CMT interconnected with the cordless range 
flip-up cover on handset 21 is opened activating off-hook extension apparatus 20 according to the present invention, 
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activation of the CMT ringer upon reception of a call from 19 and 20, adapter unit 23 is interconnected with existing 

a call directed through the cellular network initiates a CMT 10 by simply unplugging handset cable 14 from CMT 

sequence of functions of adapter unit 21 and remote cordless transceiver 13, and plugging the cable into adapter unit: 23, 

handset/transceiver 26 which permits the down-linking of and plugging a cable 602 from the adapter unit into the CMT 
me incoming call to the handset. Initiation of this sequence 5 transceiver. After these interconnecting operations, a 

is depicted in the first block of the flow chart of FIG. 15, and remotely located handset 26 of cordless range extension 

the first Hne of the timing diagram of FIG. 16. Upon apparatus 20 may communicate with a cellular network 

receiving a CMT ringer signal announcing receipt of a call through the CMT transceiver, as was described above, 

from the cellular network, CPU 41 of adapter unit 23 causes FIGS. 19-26 illustrate modifications of a cordless range 
frequency scan commands to be issued to frequency syn- 10 extension accessory apparatus for radio telephones accord- 

thesizer 37. The purpose of the frequency scan is to select hig to the present invention. Each of the modifications 

from a group of transmitter and receiver frequency channels utilizes a base unit cellular transceiver having a cellular 

different from those used for existing CMT cellular net- transmitter of relatively high power RF output signal, such 

works an available duplex transmission channel. Upon as produced by a vehicle-mounted radio telephone trans- 
locating a clear channel, transmitter and receiver phase lock 15 ceiver as shown in FIG. 2 and described above. However, in 

loops in resident transceiver 22 become locked. At this time, the modified embodiments of the invention depicted in 

resident down-link transceiver 22 transmits on the selected FIGS. 19-26 and described below, the base unit cellular 

clear channel transmitter frequency a security code to hand- transceiver does not have to be located in a vehicle The 

set transceiver 222. If the security code matches the identity modified embodiments utilize a low-power, link transceiver 
code of handset transceiver 222, the handset transmitter 20 arrangement, comprising a first "resident" low-power link 

receives a POWER ON command, and ringer 510 is acti- transceiver connected directly to a high-power base unit 

vated. Upon hearing the ring, a person near the handset 26 cellular transceiver, and a second, "remote" low-power link 

may open a flip-up cover, activating a talk switch. This transceiver coupled by wireless means to the resident link 

action causes a data signal to be transmitted by handset transceiver. 

transmitter 234 to adapter unit receiver 235, which in turn 25 j n a typj ca i configuration of the embodiments shown in 

causes a SEND command signal to be issued from the FIGS. 19-26, the remote link transceiver is located in a 

adapter unit to CMT transceiver 13. Then, when voice or handset containing a speaker and microphone allowing 

data signals are transmitted from handset 26 to adapter unit yoice communications to a cellular site via a relatively 

23, these signals are used to modulate the high power carrier higher power cellular transceiver. This arrangement allows a 

signal transmitted by CMT transceiver 13, as described 30 re i a ti ve ly light weight and low-powered portable handset to 

above. utilize the full range capabilities of a high-powered, heavier 

Different cellular networks utilize different frequency cellular transceiver. Moreover, the various embodiments of 

bands and differing number of channels. A typical cellular a range extension apparatus according to the present inven- 

network may include 600 to 800 channels in a frequency tio n eliminate the possible health hazards of high-powered 

band of about 825 to 890 mhz. However, a given cellular 35 ra di 0 frequency irradiation of users of cellular phone appa- 

base station typically employs a fewer number of channels, ranis . 

20-25, for example. Referring now to FIGS. 19-26, a prior art portable 

Each cellular channel consists of two subchannels to cellular phone 530 is shown communicating with a fixed 

permit simultaneous transmission and reception of signals cellular transceiver site 531. The latter is operably connected 

between two parties, in an arrangement referred to as full with a telephone communication network, and allows the 

duplex. Thus, for example, a first channel in a cellular user 0 f portable cellular phone 530 to transmit information 

network might have a first subchannel having a frequency of to the telephone communications network by means of 

825 mhz and a bandwidth of 15 khz, and a second subchan- relatively high-powered portable transmitter signal 532, and 

nel having a center frequency of 849 mhz and a bandwidth ^ to receive information via transmitted cell site signal 533. 

of 15 khz. Channel 2 would have subchannel center fre- pj G 2 0 illustrates a modified cordless range extension 

quencies spaced 30 khz apart from the respective center apparatus 540 according to the present invention. Modified 

frequencies of the channel 1 subchannels, and so on. raBge extens i on apparatus 540 includes a portable cellular 

In an example embodiment of the present invention, phone 530 electrically coupled via an interface module 541 
channels and subchannels having the same bandwidth and 5Q to a first, resident lower-power link transceiver 542. Inter- 
frequency separation, but different center frequencies out- f ace module 541 receives and formats information signals, 
side the band of the cellular network were used. Tnus, the sucn as voice communications, received from cellular phone 
example system employed 200 channels, in which the center 539, and utilizes these signals to modulate a down-link 
frequency of remote handset transmitter 234 lies within the carrier signal 543. Signal 543 is used as a down-link 
bandwidth range of 926.100 mhz to 927.870 mhz, while the 55 communication signal, to a second, remote link transceiver 
center frequency of receiver 235 lies within the bandwidth 545 located in a portable extension handset 546. Handset 
range of 909.100 mhz to 903.870 mhz. 546 preferably includes an earphone 547 for receiving 

FIGS. 17-21 illustrate the ease with which the novel demodulated audio signals from remote transceiver 545, and 

cordless range extension apparatus according to the present a microphone 548 to receive voice communication signals, 

invention may be interfaced with an existing vehicle- 60 which are used to modulate an uplink carrier signal 544. 

mounted cellular mobile telephone (CMT). Both downlink information signal 543 and uplink informa- 

As shown in FIGS. 17 and 18, a conventional mobile tion signal 544 are conducted via handset antenna 550 to 

telephone (CMT) includes a handset 12 connected by a resident hnk transceiver antenna 551. 

flexible multi-conducter cable 14 to a transceiver unit 13. Handset 550 preferably also includes a key pad 552, tor 

Transceiver unit 13 is connected to an external antenna 15 65 placing calls and/or entering data signals onto uplink carrier 

by means of a coaxial cable 16, and to a vehicle battery 600 signal 544. The structure and function of the foregoing 

by means of a flexible power cable 601 As shown in FIGS . elements of modified cordless range extension apparatus 540 



